The mutagenicity of airborne particulate matter collected in 17 towns of Italy in 1990 was assessed using the Ames test. The mutagenicity of crude extract correlated with amount of lead, suggesting the direct contribution of gasoline car exhausts. Moreover, the mutagenicity correlated with particulate matter amounts. An inverse correlation with temperature was observed. The crude extracts were fractionated in acid, basic, and neutral fractions. The latter was further separated into polycyclic aromatic hydrocarbon (PAH), polar, and nonpolar fractions. Acid and polar fractions showed the higher mutagenicity. Average recovery of mutagenicity was about 60%. -Environ Health Perspect 102(Suppl 4): 67-73 (1994).
Introduction
Several studies on urban-air mutagenicity have been performed in different countries for assessing the potential mutagenic exposure of the human population in towns (1) (2) (3) (4) (5) (6) (7) (8) . The studies of correlation between mutagenicity and chemical pollutants have been carried out to possibly identify either the major sources of mutagenic materials or reliable mutagenicity descriptors (9) (10) (11) (12) . Recently, we reported the results of an extensive mutagenicity study with the Ames test on particulate matter collected in 11 Italian towns (13) . In spite of the large differences of geographical location and size among the towns, we found that mutagenicity of crude extract of airborne particles from all towns correlated significantly with particulate matter and nonmethanic hydrocarbons. During 1990, we repeated the investigation with 17 towns from the north and south of Italy. We wanted to examine in detail the possible correlations between chemical-physical variables and mutagenicity of particulate matter crude extract and its fractions. In each city, the mobile station was placed downtown at street level, 4 to 8 m from the street, and air pollutants were monitored for 3 consecutive days. Particulate matter (<10 Ipm diameter) was sampled by an Andersen 2000 High Volume sampler on precleaned fiberglass filters (Gelman type A/ E, 23 x 25 cm) with a constant air flow (70 m3/hr). To reduce possible artifact build-up on the filter during prolonged sampling time (as well as the possible blow-off of the more volatile compounds), we limited sampling to 7 hr (7 A.M. to 2 P.M.) since we found that this sampling period was highly representative of 24 hr (13) ( Table 1) .
Material and Methods

Sampling
Material collected on the filter was sonicated 20 min in dichloromethane (DCM) and then soxlhet extracted, always in DCM, for 16 hr. The organic material was dried with rotavapor under nitrogen stream, weighted and then resuspended in dimethylsulfoxide (DMSO) . Part of the crude extract was also separated into acid, basic, and neutral fractions by standard methods elsewhere described (8) . The neutral fraction was applied onto a preparative thin-layer chromatography (TLC) plate (PSC Fertigplatten Kieselgel 60, Merck). Elution of TLC plate was carried out with a mixture of n-hexane:benzene (1:1, vol/vol), and its components were separated by their polarity. Bands containing polycyclic aromatic hydrocarbons (PAH), polar, and nonpolar (high molecular weight oxygenated compounds) fractions were detected by their fluorescence under UV light (365 nm). The bands' identification was assigned by comparing their retention factor (RF) to suitable standards applied simultaneously onto the same TLC plate. Bands were scraped out and extracted in toluene and then the eluate was concentrated to dryness with nitrogen. No gravimetric determination was performed because of the small amounts of recovered material. PAH analysis has been described elsewhere (14) .
Mutagenicity Test
Crude extracts and fractions were tested in the Salmonella /microsome assay using the standard plate incorporation test as described by Maron and Ames (15 
Statistical Analysis
At the tested doses, no gross toxicity was observed even at the highest ones; however the model proposed by Margolin (16) : response (Y), obtained with Margolin equation at the average dose, and the average dose. Regression coefficient b and SARA indicate essentially the same phenomenon, but SARA also includes toxic effects (13) . For example, one polar fraction from the city ofAosta was characterized by a b value equal to 25.24, whereas the SARA value, calculated at the average dose tested in that experiment = [1] was applied to evaluate the coefficient (b) of the linear regression jointly to the toxicity parameter T Moreover, to make the more reliable comparisons among extracts and fractions often showing different toxicity, we used the specific average reversion activity (SARA), which is the ratio between the ence of metabolic activation substantially reduced the toxicity of crude extracts.
Results and Discussion
Correlations between Meteorological and Chemical Variables Figure 2 . No particular toxic effect was observed and the Tcoefficients were often negligible. The responses were expressed as average of three SARA values. In general, the addition of S9 increased mutagenicity of extracts as easily seen in Figure 3 , which showed the regression of mutagenicity responses with S9 on those without S9. The mutagenic increase of about 30% because of metabolic activation, suggested the presence of an appreciable amount of indirectly acting mutagens in the air. The mutagenicity (±S9) of crude extract increased linearly with particle 20 and 40% less than that of TA98, respectively ( Figure 9 ). This result suggested that approximately 20% of the mutagenic activity of the extract required nitroreduction to form direct-acting mutagens, and that approximately 40% of the activity in the extract required transacetylation to form direct-acting mutagens. They appeared to be almost proportionally distributed in all samples, (19, 20) . Among all the variables considered, temperature regressed better with the fractions' mutagenicity ( Figures 10,11 ). In particular, we found
Environmental Health Perspectives that the acid fraction's contribution to mutagenicity (+S9) was positively associated (p = 0.011) with temperature, but polar fraction correlated negatively (p = 0.004).
Meanwhile, basic, nonpolar, and PAH contribution to mutagenicity was not associated with temperature variations, except that PAH +S9 showed a moderate negative correlation (p = 0.057). Acid, basic, and polar-neutral fractions were tested with TA98NR and TA98, DNP6 in order to assess the proportional contribution to total mutagenicity of compounds that required nitroreduction and transacetylation to form direct-acting mutagens. The contribution of the former class of mutagens observed in acid, polar-neutral, and basic fractions was 38, 35, and 20%, respectively; whereas transacetylation-dependent mutagens con- Ipolycyclic aromatic hydrocarbon fractions to total mutatributed much more: 60, 77, and 48%, respectively ( 
Conclusions
The present paper showed that the air mutagenicity associated with particles col- acid and polar fractions, except for the observation that variations in this pattern were associated with temperature. We can conclude that, in spite of the relatively few of samples (three) collected in each town during a somewhat limited time (five months), interesting models of urban air mutagenicity patterns emerged. The models were created through accurate recording of a large number of variables. With the support of environmental chemists, this will allow more detailed statistical analysis and more accurate interpretations of the patterns. 
